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TI Assaying chloride ion in body fluid treated to eliminate nitrite - to 

activate inactive amylase then colorimetric measurement of enzyme, opt. 
using nitrate also. 

DC B04 D16 J04 S03 

IN MITSUMAKI , H; TAKAHATA, F; TAKASE, J 
PA (HITA) HITACHI LTD 
CYC 4 

PI DE 3900755 A 19890727 (198931)* 9p <-- 

j JP 011817 99 A JL9 8 90 7 19 „( 19 8 93'5"D 

^5eT 3900755 *C ' " 1 9 9 2 03 2 6 ' (" 19 92 13 ) 9p < - - 

JP 06006078 B2 19940126 (199407) 

ADT DE 3900755 A DE 1989-3900755 19890112; JP 01181799 A JP 1988-5495 
19880113; DE 3900755 C DE 1989-3900755 19890112; JP 06006078 B2 JP 
1988-5495 19880113 

FDT JP 06006078 B2 Based on JP 01181799 

PRAI JP 1988-5495 19880113 

AB DE 3900755 A UPAB : 19930923 

Quantitative determination of chloride ions comprises (1) treating the 
test sample with a reagent (A) which decomposes nitrite (and opt. also 
nitrate) ions; (2) treating the sample with inactive amylase (I Am) , a 
Ca-ion contg. complex cpd. (B) and a complex- forming reagent (C) which can 
react with Ca to form a complex, then (3) measuring the amt . of active 
amylase (AAm) formed by the action of chloride ions on I Am, and from this 
deriving the amt . of chloride . 

Also new is a test kit for this process. 

USE/ADVANTAGE - The method provides a highly accurate assay of 
chloride ion in biological fluid and is not subject to interference from 
other ions . 
1/3 
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[There are no amendments to this patent.] 

Claims 

1. A type of reagent for quantitative determination of chloride characterized by the fact 
that the reagent for quantitative determination of chloride has a complex forming reagent that 
forms a complex with calcium ions, amylase, and calcium ions, and it also contains a reagent for 
decomposing nitrite ions and nitrate ions. 

2. The reagent for quantitative determination of chloride described in Claim 1 
characterized by the fact that said reagent for decomposing nitrite ions and nitrate ions is nitrate 

~reductase~and~nitrire"reductase^ 

3. The reagent for quantitative determination of chloride described in Claim 1 
characterized by the fact that said complex forming reagent is EDTA. 
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4. The reagent for quantitative determination of chloride described in any of Claims 1-3 
characterized by the fact that said amylase is a-amylase derived from mammals. 

Detailed explanation of the invention 
Industrial application field 

This invention pertains to a type of reagent for quantitative determination of chloride 
using an enzyme method. In particular, this invention pertains to a type of reagent for 
quantitative determination of chloride that can avoid influences from coexisting interference 
ions. 



Prior art 

At present, electric quantity titration method and electrode method are often used for 
quantitative determination of ions in bio samples, such as serum, urine, marrow liquid, etc. 
However, the electric quantity titration method is hard to incorporate into a biochemical 
automatic analysis device. The electrode method has a problem with respect to ion specificity. In 
consideration of these problems, the following enzyme method has been proposed. 

As described in Eur. J. Biochem, 41, pp. 171-180 (1974), in an enzyme method, the 
property that the affinity between amylase derived from mammals and calcium ions depends on 
chloride is exploited. The principle for measurement of chloride according to the enzyme method 

is as follows. — x ^ 

^/When a-amylase of a pig pancreas is combined with a complex forming reagent (calcium 
chelator), which can form a complex with ethylenediamine tetracetate (EDTA) or the like, and a 
minute amount of calcium ions in the absence of chloride, the a-amylase of the pig pancreas 
/eleases intra-molecular calcium ions, and it is changed to inacliy^azamylase. In this state, when 
|serum or another sample is added, depending on the calcium ion concentration in the sample, the 
^inactive amylase recombines with calcium ions and changes to the active type. The active 
a-amylase after this change is measured using an a-amylase activity measurement reagent, and 
tlite result is converted to chloride concentration. 

^ This enzyme method has a higher ion specificity than the electrode method, and it is a 
measurement method that can also be applied to biochemical automatic analysis devices. Table 1 
in the following lists the ion specificity of the electrode method and enzyme method with 

serajtivityjor_^^ - 
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Table 1 





Enzyme method 


Electrode method 


Cl b 


100 


100 


N0 2 b 


10.3 




N0 3 b 


9.8 


140 



As can be seen from Table 1, the enzyme method has a higher ion specificity than the 
electrode method. 

Problems to be solved by the invention 

However, for the aforementioned conventional enzyme method, there are still some 
problems. That is, with no measure taken to avoid the influence of nitrite ions and nitrate ions, 
there is problem with respect to selectivity. After extensive studies by the present inventors, it 
was found that when nitrite ions and nitrate ions are present, the ion specificity degrades. That is, 
as can be seen from Table 1, the value is 10.3% for nitrite ions, and it is 9.8% for nitrate ions. No 
measure is taken to avoid influences from these ions. 

The objective of this invention is to solve the aforementioned problems of the prior art by 
providing a type of reagent for quantitative determination of chloride characterized by the fact 
that it can avoid influences from nitrate ions and nitrite ions, and it has a high ion specificity. 



Means to solve the problem 

In order to realize the aforementioned objective, this invention provides a type of reagent 
for quantitative determination of chloride characterized by the fact that the reagent for 
quantitative determination of chloride has a complex forming reagent that forms a complex with 
calcium ions, amylase, and calcium ions, and it also contains a reagent for decomposing nitrite 
ions and nitrate ions. 

According to this invention, examples of complex forming reagents that can be used for 
forming complex with calcium ions include ethylenediamine tetracetate, 
trans- l,2-cyclohexanediamine-N,N,N,N'-tetracetate, glucose ether diamine tetracetate, imino 
tetracetic acid, diaminopropane tetracetic acid, etc. 

Also, conventional reagents commonly used in conventional a-amylase activity 
measurement methods may be used as reagents for measurement of the activity of amylase. 

-i?xajT^ . _"L _ 7Z 

2-chloro-4- nitrophenyl-p-D-maltopentaoxide, 2-chloro-4-nitrophenyl-P-D-maltoheptao$ide, etc.^ 
Various types of amylase may be used, such as a-amylase, p-amylase, etc. 
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Also, according to this invention, as substances that decompose nitrate ions and nitrite 
ions, one may use nitrate reductase, nitrite reductase, and other enzymes. In addition, one may 
also use various inorganic and organic decomposing substances. When enzyme is used to 
decompose nitrite ions and nitrate ions, there is substrate specificity, and there is no influence on 
other ions. This is an advantage. 

Application examples 

As an application example of this invention, in a sample solution, nitrate ions and nitrite 
ions contained in, say, a serum sample, are decomposed by means of enzymes. Nitrate reductase 
is for decomposing nitrate ions, and nitrite reductase is for decomposition of nitrite ions. 

The enzyme reactions between nitrate reductase and nitric acid are as follows: 



Nitrate reductase 

1. NAD (P) H + H + + Nitric acid < = 

NAD (P) + + Nitrous acid + H 2 0 

Nitrate reductase 

2. NADPH + H + + Nitric acid < = 

NADP + + Nitrous acid + H 2 0 

Nitrate reductase 

3. NADH + H + + Nitric acid < 1 

NAD + + Nitrous acid + H 2 0 

Nitrate reductase 

4. Ferrocytochrome + Nitrate < 

Ferricytochrome + Nitrate 

On the other hand, reactions between nitrite reductase and nitrous acid are as follows: 

Nitrite reductase 
1.3NAD(P)H + Nitrite < > 
3NAD(P) + + NH 4 OH + H 2 0 

Nitrite reductase 
2. Nitrite+Reductive receptor < ^ 

_ Nitrog en m onoxide + H?Q -LReceptor 



> 



Nitrite reductase 

3. Nitrite + Reductive cytochrome < H^- 
Nitrogen monoxide + H 2 0 + 2 dioxide type cytochrome C 
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In this application example, the aforementioned enzyme reactions can be used to 
decompose nitrite ions and nitrate ions. 

In the following, explanation will be provided for specific compositions of the reagent for 
quantitative determination of chloride in this invention. 

In this example, in order to decompose nitrate ions and nitrite ions as interference 
components in the quantitative determination of chloride, one uses nitrate reductase, nitrite 
reductase and NAD(P)H. Also, a-amylase measurement reagents, one may also use 
a-glucosidase, p-glycosidase, and 2-chloro-4-nitrophenyl-(i-D-maltoheptaoxide. The reagent is 
composed of a first reagent and a second reagent. 

(1) First reagent 

The first reagent has the following composition. 

15 mg of calcium ethylenediamine jgtracetate and 1.1 g of di-sodium eth ylenediamine 
tet racetate were added into 100 mL of 0.1M phosphate buffer, followed by adjusting the pH to 
^ZXLusing a 5% aqueous solution of sodium hydroxide. This solution is taken as solution A. Then, 
1 IK units (U) of a-glucosidase, 300 U of (5-glucosidase, 2K U o f a-am ylasgLof pig pancreas, 
200 U of nitrate reductase, 200 U of nitrite reductase, and 0.6 mM of NAD(P)H were added to 
form the first reagent. 

(2) Second reagent 

The composition of the second reagent is as follows. 

1.0 g of 2- chloro-4-nitrophen yl-(3^I)-maltoheptaoxide was dissolved in 100 mL of 
solution A as explained in said section of the first reagent to form a second reagent. 
In the following, explanation will be provided for measurement of chloride. 

(3) Calibration 

As standard solutions, saline solutions of 0, 40, 80, 120, 160 and 200 mM were prepared. 
In 6 |iL of each saline solution, 320 |uL of the first reagent and 80 jaL of the second reagent were 
added. Then, at 37°C, the increase in the light absorptivity over time at 37°C and at a principal 
wavelength of 405 nm and a secondary wavelength of 480 nm was measured on a Hitachi 7150 
Model Automatic Analysis Device for calibration. 

The increase in the Tij^U^q^ivU - - — 

chloride. 

Figure 1 is a diagram illustrating the operation procedure of the automatic analysis 

device. 
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In this application example, the measurement of chloride using the reagent of this 
invention is carried out in a process illustrated in Figure 1. 

As shown in Figure 1, after sample dispensing, the first reagent was added, followed by 
agitation for reaction within a few minutes. Then, the second reagent was added, followed by 
agitation for further reaction. In the period from addition of the first reagent to the end of the 
measurement, the light absorptivity of the reaction solution was measured at intervals of ten 
seconds, and, using the light absorptivity at the timing corresponding to the analysis method, the 
chloride was quantitatively determined. 

(4) Influence of addition of nitrate ions 

A solution prepared by adding sodium nitrate into the control serum was used as the 
sample. The control serum was dissolved using distilled water in half the assigned amount. This 
is taken as solution B. 1.7 g of sodium nitrate were dissolved in 100 mL of distilled water to 
adjust to 200 mM nitrate. This is taken as solution C. Solution C was diluted appropriately to 
form 40, 80, 120, 160, and 200 mM sodium nitrate solutions. Each solution was mixed with 
solution B at a ratio of 1 : 1 . In this case, the results of the quantitative determination of chloride 
are shown in Figure 2 together with the quantitative determination results for a conventional 
reagent (from the first reagent in (1), nitrate reductase, nitrite reductase, and NAD(P)H were 
removed, and the second reagent is the same as that in (2)). As shown in Figure 2, in the prior 
art, when the concentration of nitrate ions is increased, the result of a quantitative determination 
of chloride also becomes higher. On the other hand, when the method of this invention is 
adopted, the influence of nitrate ions can be removed completely. 

(5) Influence of addition of nitrite ions 

0.38 g of sodium nitrite was dissolved in 100 mL of distilled water to prepare a 200 mM 
solution of nitrite ions. The sample was prepared in the same way as in (4), and chloride was 
quantitatively determined using this method and the conventional method, respectively. The 
results are shown in Figure 3. Just as in (4), this method can completely prevent an influence 
from nitrite ions. 

The concentration of chloride that can be determined quantitatively using the reagent for 
quantitative determination of chloride of this invention is in the range of about 10-3,000 mM. 

This concentration range can effectivdy^nsure Jhe c onventiona l range„of_measurement-of 

chloride in serum samples (70-130 mM). The reagent of this invention can effectively enable the 
quantitative determination of chlo ride in blood. 

The tolerable concentration ranges of the various components in the reagent for 
quantitative determination of chloride in this invention are as follows. 
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For the first reagent, the ranges are as follows. 

For a-glucosidase: 80-110 kU/L; p-glucosidase: 2.5-3 kU/L; a-amylase: 2-20 kU/L; 
Ca + : 0.75-1.5 mM/L; EDTA: 30-100 mM/L; phosphate buffer pH 7.0, 0.1 M/L; nitrate 
reductase: 2-20 kU/L; nitrite reductase: 2-20 kU/L; NAD(P)H: 6-60 mM/L. 

For the second reagent, the ranges of contents of components are as follows. 
Ca + : 0.75-1.5 mM/L; EDTA: 3.0-100 mM/L; 2-chloro-4-nitrophenyl-P-D-maltoheptaoxide: 
3.8-7.5 mM/L. 

Also, one may use 2.5% maltopentaose in place of 
2-chloro-4-nitrophenyl-p-D-maltoheptaoxide. 

Effect of the invention 

As explained above, according to this invention, it is possible to decompose nitrate ions 
and nitrite ions. Consequently, it is possible to provide a type of reagent for quantitative 
determination of chloride with a high ion specificity, with influences of nitrate ions and nitrite 
ions prevented. Consequently, it is possible to perform quantitative determination for chloride 
more correctly. 

Brief description of the figures 

Figure 1 is a diagram illustrating the measurement process of an automatic analysis 
device. Figure 2 is a graph illustrating the influence on chloride by adding nitrate ions. Figure 3 
is a graph illustrating influence of addition of nitrite ions on the measurement value of chloride. 
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Figure 1 



-Key: — -1 Dispensing of sample 

2 Dispensing of first reagent 

3 Agitation 

4 Dispensing of second reagent 

5 Discharge 
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Key: 1 Measurement value of CI 

2 Amount of nitrate ions added 

3 Prior art 

4 Method of this invention 
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Key: 1 Measurement value of CI 

2 Amount of nitrite ions added 

3 Prior art 

4 Method of this invention 
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